Introduction
Since Polge & Rowson (1952) first reported that glycerol could provide considerable protection to bull spermatozoa during freezing and thawing, there have been many reports on the cryopreservation of spermatozoa of various species including horse (Nishikawa et al, 1968) , pig (Pursel & Johnson, 1975) , sheep (Colas, 1975) , dog (Seager, 1969) , rabbit (Fox, 1961) , mouse (Graham et al, 1978, review) , and man (Bunge & Sherman, 1953) . Such reports are limited to relatively large animals;
there have been few reports for non-domestic animals such as rat and mouse.
We now report a simple and convenient method for cryopreservation of spermatozoa of normal and mutant mice.
Materials and Methods
Reagents. The cryoprotectants used were glycerol, raffinose, sucrose and dimethysulphoxide (DMSO), all purchased from Nakarai Chem. Co., Tokyo, Japan. The choice of concentration of each reagent was based upon the following papers; 70% glycerol, 10% sucrose and 18% raffinose were from Nagase (1966) , and 10% DMSO was from O'Shea & Wales (1969) . From these concentrations, the reagents were diluted serially and used for an assay.
Isolation ofspermatozoa and treatments beforefreezing. Mouse spermatozoa were obtained from 5 inbred strains (C57BL/6N, C3H/HeN, BALB/c, kk and DBA/2N) and 2 strains of outbred mice (ddY and ICR). The kk mouse is Downloaded from Bioscientifica.com at 02/07/2019 11:11:56PM via free access known to be a human disease-model of spontaneous diabetes mellitus (Nakamura, 1962) . All the inbred mice and ICR mice were purchased from CLEA JAPAN Inc., Tokyo, Japan. Freezing ofspermatozoa. Spermatozoa were rapidly frozen by the pellet method (Nagase et al, 1972) with a slight modification. The semen (250 µ ), which had been extended with cryoprotectant-containing medium after isolation from the epididymis, was divided into 5 aliquants. Each sample (50 µ ) was then frozen as pellets in holes (~5 mm in diameter and~3 mm in depth) on a block of solid C02 for 5 min or more. Each frozen pellet was then cooled in liquid nitrogen (-196°C) (Toyoda et al, 1971 ) covered with paraffin oil pre-equilibrated with 5% C02 in air at 37°C, and for cells frozen slowly, a plastic straw was immersed in hot water (37°C) for 10 min and then 50 µ solution containing spermatozoa were added to 400 µ TYH medium as described above. After incubation for 10 min at 37°C, the frozen-thawed spermatozoa were subjected to evaluation by assessment of motility and ability to fertilize in vitro.
Assessment of sperm motility. The percentage of actively motile spermatozoa (0-100%) was assessed under a coverslip on a warm stage (37°C) for 10 min after thawing. Over 200 spermatozoa were counted for each sample.
Assessment ofspermfertilizing ability. The in-vitro fertilization technique was as described by Toyoda et al (1971) . Unfertilized oocytes were obtained from all the strains of mice and an F, hybrid mouse, B6C3F, (pairings of C57BL/ 6N C3H/HeN, purchased from CLEA JAPAN Inc., Tokyo, Japan), aged 8-10 weeks. The females were induced to super-ovulate by intraperitoneal injection of 5 i.u. PMSG (Serotropin: Teikoku Zoki Co., Tokyo, Japan) and 5 i.u. hCG (Gestron: Denka Pharmaceutical Co., Kawasaki, Japan) given approximately 48 h apart. The females were killed 13-16 h after the administration of hCG, and their oviducts were removed and placed in a tissue culture dish (Falcon 3001) containing paraffin oil. The ampullae of the oviducts were torn open with dissecting needles and the oocytes with cumulus cells were placed into a drop (400 µ ) of TYH medium under paraffin oil equilibrated with 5% C02 in air at 37°C. The number of eggs per drop ranged from 10 to 30. 25-µ1 sample of frozen-thawed spermatozoa was added directly to the drop containing the oocytes.
In the control experiment, 50 µ suspending medium in which epididymal spermatozoa had been extended and equilibrated were removed, diluted with 450 µ TYH medium and incubated for 10 min at 37°C under paraffin oil. Then, 25 µ of this unfrozen sperm suspension was added to a drop of TYH medium containing oocytes. The drop contained a minimum of 105 spermatozoa/ml.
The sperm-oocyte mixture was then cultured for up to 6 h, by which time nearly all eggs had 2 pronuclei and the second polar body which were all visible by light microscopy. The eggs with two pronuclei and the second polar body were considered to be fertilized. Eggs that had totally degenerated, were unfertilized or exhibited abnormal morphology were removed.
In-vitro development offertilized eggs to an early blastocyst stage. Oocytes from F, hybrid mice (B6C3F,) were inseminated in vitro for 6 h at 37°C with unfrozen or frozen-thawed spermatozoa as described above. Eggs that developed to the pronucleate stage were collected, transferred to drops (400 µ ) of Whitten's medium (Whitten, 1971) 80-6 ± 1-9 78-8 + 2-9 79-2 + 2-9 33-6 ± 4-7 50-6 ± 2-6 61-4 + 2-6 11-4(18/158) 9-0(17/189) When spermatozoa were frozen in the presence of 18% raffinose and various amounts of glycerol, a higher fertilization rate was obtained with 18% raffinose and 1-75% glycerol (Table 1) .
Fertilizing ability of frozen-thawed mouse spermatozoa from different strains of mice
The mixture of raffinose (18%) and glycerol (1-75%) was tested with spermatozoa from strains other than ICR mice. As shown in Table 2 , most of the spermatozoa exhibited active motility (over 65%) before freezing, but after freezing and thawing sperm motility was reduced to 30-60% for each strain. There were strain differences in fertilizing ability among unfrozen spermatozoa and frozen-thawed cells, but the patterns differed from that in the unfrozen sperm group. (Parkening et al, 1976) . In almost all tests, the percentage of pronucleate stage F, hybrid eggs that had been fertilized by frozen-thawed spermatozoa and developed to the blastocyst stage was significantly less than that of eggs fertilized by unfrozen spermatozoa (Table 3) , although all eggs were considered to be fertilized at the start of culture. The blastocysts developed from eggs fertilized by unfrozen and by frozen-thawed spermatozoa had normal morphology. 
Discussion
Glycerol has been widely utilized as a cryoprotectant for frozen storage of spermatozoa of several mammals, including bull (Polge & Rowson, 1952) , a dog (Seager, 1969) , sheep (Colas, 1975) , horse (Nishikawa et al, 1968) and pig (Pursel & Johnson, 1975 Graham et al, 1978) . In that study, mouse epididymal spermatozoa were suspended in a skim milk medium (10-5% solids) containing 0-75% fructose, 1% bovine serum albumin and 4mM-calcium chloride and then frozen. After thawing and subsequent artificial insemination of the frozen-thawed spermatozoa, 9 out of 84 females gave birth to 61 young (6-9 per litter). Further comparison of the two methods is not possible, but investigation of developmental ability in mouse eggs result¬ ing from fertilization by spermatozoa frozen in the solution mentioned above and transferred to the oviducts as in our study would be of interest.
In this study, we showed that freezing and thawing potentially affected the function of spermatozoa in post-fertilization events when some eggs resulting from fertilization by frozenthawed spermatozoa failed to develop further in vitro and in vivo (see Tables 3 and 4) . Such early embryonic death has also been shown in rabbits by Maurer et al. (1976) . This may be due to a reduced penetration rate by the frozen-thawed spermatozoa, and in turn to ageing of the unfertilized oocytes and hence reduced viability of eggs. Failure of sperm capacitation in frozen-thawed cells may also affect post-fertilization development of eggs as well as initial fertilization.
The method we describe is now routinely used for storing spermatozoa of various inbred mouse strains, mutant mice and transgenic mice in our laboratory. The numbers of transgenic mice are increasing day by day but much molecular analysis remains to be done. We believe our system for freezing mouse spermatozoa will be useful in the field of mouse molecular genetics in the future.
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